The divers exhibited a value for M 27% lower than the nondivers; S was 33% lower. The difference was significant (P < 0.05) in both cases. B was significantly higher (P < 0.05) in the divers than nondivers. These differences are not attributable to age, build, or vital capacity. S was well correlated with M when all subjects were considered a single group. Within the diving group no correlation of S and M with diving experience was found. lung volumes; control of breathing; diver adaptation SEVERAL STUDIES have compared ventilatory pattern, lung volume, and chemosensitivity of normal populations either with breath-hold divers or divers using underwater breathing apparatus with varying results. The diving groups have in common exposure to elevated pressure, though in one case this is associated with prolonged apneusis while in the other ventilation occurs, albeit in a modified way.
Schaefer (22) found that submarine escape training instructors exhibited a lower ventilatory response to carbon dioxide than nondiving personnel and attributed this to adaptation to breath-hold diving (23). The instructors also exhibited a reduced response to hypoxia and significant increases in total lung capacity, tidal volume (VT), and inspiratory reserve with a tendency toward a reduced residual volume after a year's tour of duty (22).
Studies by Song and co-workers (25) of breath-hold divers and nondivers and Froeb (7) of scuba divers and nondivers showed no significant difference between absolute ventilatory response to carbon dioxide (VE/ PETCO,, (l/min)/Torr) of the diving and nondiving groups. Only when compared on the basis of ratio of ventilation breathing carbon dioxide mixtures to that on air was a significant difference apparent. Froeb tentatively concluded that a tendency existed for the diver group to have a smaller ventilatory response to carbon dioxide at rest though this showed no correlation with diving experience.
Broussolle et al. (1) have shown that a group of four divers exhibited a lower ventilatory response to carbon dioxide than four nondivers and that marked differences exist between the responses to exercise of divers and nondivers in terms of alveolar PCO~ (PETIT.,), ventilation (7jE), and breathing pattern (2, 3); they were unable to state whether these differences were "constitutional" or acquired. The latter differences have been noted by several other authors (8, 10-12) who have inferred a reduced chemosensitivity of the divers. However, none of these studies has involved a statistical comparison of ventilatory response to carbon dioxide under classical steady-state conditions (5).
This study is intended to examine the possible differences between hypercapnic drive and breathing pattern of divers and nondivers and to determine whether they are related to each other and diving experience.
METHODS
The responses of 10 Royal Naval Clearance Divers were compared with those of 10 nondivers who were either laboratory personnel or physiotherapy students. No formal test of physical fitness was carried out but all subjects were physically active male volunteers in good health, though none were undergoing athletic training. The subjects reported to the laboratory having eaten a light breakfast, with the exception of one case; all determinations were carried out midmorning.
Ventilatory response to carbon dioxide was determined by a modification of the method described by Cunningham et al. (5). The apparatus is shown schematically in Fig. 1 . Gas from a variable mixture supply was humidified and passed to a simple demand system consisting of a low-resistance valve assembly attached to the branch of a T piece. Excess mixture passed through a reservoir and so to the atmosphere. Ventilation was measured by a dry gas meter equipped with a digital display of minute volume and respiratory rate. Mean VT was calculated from the latter parameters. End-tidal PCO~ and PO* (PETIT, and PETE.,) were monitored by quadrupole mass spectrometer.
The subject lay semireclined with the apparatus shielded from his view and breathed air from the mouthpiece for 15-20 min until VE and PETC~., were stable. The first mixture, containing the highest level of carbon dioxide, was then delivered to the subject without prior warning. Ventilation, PET~o.,, and PETO., were continuously monitored; when stable these parameters were recorded for a further 5 min and the second mixture was 
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The differences in physical characteristics between the two groups (see Table 1 ) were tested for significance using the Mann-Whitney test (4), and no significant difference was found between age, height, vital capacity (VC), or the ratio of forced expired volume at 1.0 s to forced vital capacity (FEVl,o/FVC) for the two groups. 60 Resting VE and PET cop were determined for the last 5 min of the period breathing air. The mean resting ventilation of the divers (8.4 lemin -' BTPS) tended to be lower than that of the nondivers (9.8 Lmin-' BTPS) though this was not significant. The resting PETCO, of the divers (40.3 Torr) was however significantly (P < 0.05) higher than that of the nondivers (37.4 Torr). The least-squares regression line of ventilation on PETCO, was obtained for each subject, the relationship being described by the equation VE = S(Pcoa -B). Mean values for S and B were then determined for each group. The mean slope (S = 2.16 10 min. Ton--') calculated for the divers was found to be significantly lower (P < 0.05) than that of the nondivers (S = 3.25 1. min-' l Torr-').
The intercept (B = 35.3 Torr) of the divers was significantly greater (P < 0.05) than that of the nondivers (B = 32.0 Torr). These results are presented in Fig. 2 the mean values given above. The regression line relating ventilation to tidal volume for each subject was calculated by initially fitting a straight line to all data points having a mean tidal volume of less than 50% of vital capacity, a technique described by Hey et al. (9), and nominated the "Hey plot" by Patrick and Howard (21). Data points having a mean tidal volume of greater than 50% of vital capacity were considered to be dependent if a good fit to the assumed relationship was obtained. A regression line was then calculated for all of the dependent points. The relationship between ventilation and tidal volume was described by the equation VE = M(VT -K). Mean values of 1M and K were then determined for each group. The mean slope W = 18.6) calculated for the divers was significantly lower (P < 0.05) than that of the nondivers (M = 25.5).
The mean value of intercept K was lower in the divers (R = 0.10) than the nondivers (K = 0.19) but the observed difference was not significant. These results are presented in Fig. 3 using the technique described to obtain Fig. 2 .
It has been shown by Schaefer (23), Hey et al. (9), and Patrick and Howard (21) that subjects exhibiting a low ventilatory response to inspired carbon dioxide also exhibit a breathing pattern characterized by low frequency and large tidal volume. This relationship was examined using Spearman's rank analysis (19), in which a) all subjects were ranked for S and 1M, and b) the divers and nondivers were reranked separately for these parameters. The results of this analysis indicate a tendency for S and 1M to be related, which is significant (P ~0.01) when all subjects are considered together (n = 19) but not significant when divers (n = 9) and nondivers (n = 10) are considered separately (see Table 2 ). Within the diving group, parameters S and 2M were tested for dependency on total diving experience, which ranged from 20 to 90 mo (mean 49 mo) and actual exposure time in the 3 mo preceding the tests (mean 446, range O-1,324 min). The results, presented in Table 3 , failed to demonstrate a correlation between the above factors.
DISCUSSION
When breathing the mixture with the lowest carbon dioxide content, both groups exhibited a mean ventilation higher than would be expected from their ventilation at rest on air. However, the results presented indicate that the mean ventilatory response to carbon dioxide of the divers is some 33% less than that of the nondivers of similar age and build. This compares with a difference of 25% between breath-hold divers and nondivers derived from the data of Schaefer (22) and a 29-44s difference for divers using breathing apparatus reported by Broussolle et al (1) . Schaefer attributed these differences to adaptation to diving, but Broussolle was not able to determine the cause.
In the present study the reduction in ventilatory response is accompanied by a change in breathing pattern. When characterized by the "Hey plot" this manifests itself as a 27% decrease in the slope (1M) of the relationship. Schaefer (23) also noted an association between low ventilatory response to carbon dioxide and slow deep breathing in breath-hold divers. Recently the relationship between S and A4 has been well described by Hey et al. (9)) and Patrick and Howard (21) in normal populations.
The present study indicates a strong correlation between these two parameters if all the subjects are considered together; however, when the two groups are considered separately the strength of the correlation is reduced, probably due to the reduction in sample size.
It has been suggested by Patrick and Howard that the relationship between S and 1M may not be one of cause and effect, but that both could be related to a third factor. It is this factor which may be affected by diving. Patrick and Howard suggested that the factor may be the level of vagal afferent activity between the pulmonary stretch receptors and the equivalent in man of the bulbopontine frequency governor postulated in cats by von Euler, Herrero, and Wexler (27). Schaefer (23) has suggested that the observed changes are associated with a damping of the reactivity of the autonomic nervous system; whereas the work of Lally et al. (ll), who found a reduction in divers of both the fast neurogenic (15-s) ventilatory response to onset of exercise and the steady-state exercise ventilation, suggests that perhaps a more central factor is involved. The possibility also exists that observed changes in carbon dioxide sensitivity may be explained on mechanical grounds and do not represent a change in central drive, but only its manifestation.
It has been shown by Milic-Emili and Tyler (14) and Matthews and Howell (13) that an increase in work of breathing reduces the ventilatory response to carbon dioxide. Otis (20) has suggested that one factor influencing breathing pattern is minimization of respiratory work. It may then be that the diver breathing pattern, however caused, is nonoptimal under normal conditions and requires more work than the nondiver pattern, hence the reduction in ventilatory response. However, it is considered unlikely that this is responsible for the observed results, inasmuch as the change in work of breathing associated with change in breathing pattern is minimal (6), although the changes in respiratory work required to explain the observed change in S would be expected to be of the order of 30% of normal, inspiratory work being proportional to PC02 (14). It has been suggested that the reduction in ventilatory response to carbon dioxide is compensated for by the accompanying change in breathing pattern. However, this contradicts Schaefer's original data (22), which show a change in alveolar ventilatory response. This is confirmed by the recent work of Lally et al. (11) that indicates that the reduction in dead space ventilation due to the slow deep breathing pattern compensates for only a small fraction of the decrement in ventilation.
It is interesting to note that the studies of breath-hold divers (22, 25) indicate differences between the vital capacity of divers and nondivers, whereas the present study and that of Froeb (7), both concerned with divers using underwater breathing apparatus, indicate no such differences. Song et al. (25) have suggested that the increase in vital capacity due to increased inspiratory capacity of the ama may be related to the development of the inspiratory musculature. They proposed that this FLORIO 
